The rotifer communities of 15 acidic -alkaline and soft -marginally hard water floodplain lakes of the lower Assam valley of the Brahmaputra river basin, characterized by low ionic concentrations, reveal 164 species (178 taxa) belonging to 39 genera and 20 families and represent the richest biodiversity known to date in these ecotones of the Indian subcontinent. Nine species are new to the Indian Rotifera. Cosmopolitan (59.7%) > pantropical (15.2%) > cosmotropical (12.2%) species dominate the taxocoenosis. Biogeographically interesting elements constitute a notable component (13.4%); important members of this category include six Oriental, two Australasian and seven Palaeotropical species. The examined fauna depicts a tropical character with predominance of Lecane spp. (28.0%). Littoral or periphytic rotifers (76.2%) dominate the planktonic species. Rotifers comprise a dominant qualitative (67-103, 79.1 ± 11.0 species) and an important quantitative (mean: 41.1-65.9%) component of zooplankton in all floodplain lakes, register a moderate diversity (mean: 2.036-2.642), low dominance (mean: 0.019-0.216) and high evenness (mean: 0.840-0.893). The examined material indicates several interesting acidophilous elements. Richness depicts significant inverse correlation with pH. Water temperature, conductivity, dissolved oxygen and alkalinity record significant direct relationships with the rotifer abundance. Diversity is influenced by abundance and is also directly correlated with water temperature and conductivity. Canonical analysis shows a notable cumulative impact of six abiotic factors on richness, density and diversity.
Introduction
The floodplain lakes, an integral component of different riverine systems, harbor the richest aquatic biodiversity and are one of the most productive ecosystems of the world. These important inland aquatic resources of India (area: 0.20 million ha) deserve special mentioning in N.E. India (0.12 million ha) in general and Assam in particular (0.10 million ha); they comprise about 93% of the total fish-prone area of the latter state and play a vital role in the socio-economic development of the region. Little is known to date about the micro-fauna and zooplankton diversity in these ecotones of India; routine limnological surveys from this country include poor species inventories due to the general lack of taxonomic expertise. The Rotifera, one of the most diversified group of littoral and limnetic micro-invertebrates of the floodplains, has thus been largely ignored by the Indian workers (Sharma, 1998 ) except for the detailed investigations by Sharma (2000a, b) and Sharma & Sharma (2001) . The present study, an attempt to corroborate this information, deals with the species composition, distribution and ecology of the rotifer communities of 15 floodplain lakes (locally called beels) of the lower Assam region of the Brahmaputra basin of N.E. India. The results obtained are discussed with remarks on species richness, general nature and composition of the taxocoenosis, percentage similarities, biogeographically interesting elements and on their abundance, diversity, dominance and evenness.
Materials and methods
Observations were undertaken in 15 floodplain lakes of the lower Assam valley (longitude: 90°-93°E and latitude: 26°-27°N) of the Brahmaputra basin ( Fig. 1A-C) . The sampled lakes belonged to six districts, namely: Dhubri (Bhoispuri, Barundanga and Dhir), Barpeta (Fingua and Sagmara), Nalbari (Kamakhya and Rowmari), Kamrup (Deepor, Dighali, Borbila and Siligurijan), Marigaon (Mori, Kujibalipatty and Thekera) and Nagaon (Bandha) of Assam state (N.E. India). Water samples were collected from different beels during summer, monsoon, autumn and winter seasons (2002) (2003) and were analyzed for water temperature, specific conductivity, pH, dissolved oxygen, alkalinity and hardness. Qualitative and quantitative plankton samples were obtained seasonally by a nylobolt plankton net (no. 25), preserved in 5% formalin and were screened for identification and quantitative enumeration of the Rotifera. Various rotifer taxa were identified following Kutikova (1970) , Koste (1978) , Koste & Shiel (1990) , Segers (1995) and Sharma & Sharma (1999 , 2000 . Segers (2002) was followed for the recent nomenclature of the Rotifera. Percentage similarities (Sorensen index), diversity (Shannon index), dominance (Berger-Parker index) and evenness (Pielou index) were calculated following Ludwig & Reynolds (1988) and Magurran (1988) . The significance of temporal variations of the rotifers was ascertained by ANOVA. Canonical analysis (STATISTICA version 5.0) was undertaken for simple and multivariate correlations.
Results and discussion
The sampled floodplain lakes (Table 1) cm), seven beels show mean conductivity <100 lS/cm while the mean conductance ranges between 106.0 and 164.8 lS/cm in the rest; these biotopes, hence, can be assigned to 'Class I' category vide Talling & Talling (1965) . The mean water temperature (25.6-29.4°C) affirms a tropical range. Dissolved oxygen (mean: 6.2-8.5 mg/l) indicates a well-oxygenated nature of these waters and also corresponds with earlier results from upper Assam (Sharma, 2000a; Sharma & Sharma, 2001) . The mean pH indicates acidic nature of five lakes, one shows circum-neutral character while nine are alkaline. In addition, eight lakes show soft-waters, six indicate slightly hard-waters and one lake exhibits hard-water character.
One hundred and 64 species (178 taxa) identified presently (Table 2) indicate the highest diversity of Eurotatoria in the floodplain lakes of the Indian subcontinent to date. This salient feature, in turn, certainly reflects a greater environmental heterogeneity of the sampled beels as suggested by Jose de Paggi (1993) , Bonecker et al. (1998) and 
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A. ovalis (Bergendal) 3, 4, 9, 13, 14 Shiel et al. (1998) and also supports the statement of Segers et al. (1993) indicating (sub)tropical floodplains to be the world's richest habitats for rotifers. The documented species comprise a significant fraction of the Indian Rotifera (46.4%) and of the fauna of North-Eastern India (87.2%). This study indicates the highest rotifer generic (39 genera) and family diversity (20 families) known from any region of this country. Besides, nine species, namely: Dipleuchlanis ornata (Figs. 2 and 3), Macrochaetus longipes (4), Colurella sanoamuangae (5), Lepadella heterodactyla (6), Lecane glypta (7), L. rugosa (8, 9), L. solfatara (10), Monommata maculata (11, 12) and Notommata spinata (13) are new to India. The overall richness (164 species) noticed presently is reasonably lower than previous highest records of 207 , 252 (Shiel et al., 1998) and 218 (Bonecker et al., 1998) species from Africa, Australia and South America respectively. The richness of 67-103 (79.1 ± 11.0) species recorded in individual beels is, however, the highest known so far from India but is yet distinctly lower than the reports of 136 species (IyiEfi lake) and 124 species (Oguta lake) in the Niger delta (Segers et al., loc cit ) , 130 species from Lake Guarana, Brazil (Bonecker et al., 1994) . The peak richness of 103 species nearly corresponds with 104 species from Laguana Bufeos, Bolivia (Segers et al., 1998) and is reasonably comparable with 111 species and 114 taxa examined from floodplains of Argentina by Jose de Paggi (1993 Paggi ( , 2001 , respectively. On the other hand, it presents a remarkable coincidence with 102+ rotifer species recorded in a sampling campaign in a Brazilian reservoir (Segers & Dumont, 1996) .
The documented richness is distinctly greater than an earlier highest record of 116 species (Sharma & Sharma, 2001 ) from seven floodplain lakes of Assam and registers 80.0% of similarity (vide Sorensen index) with the same. This notable enhancement is due to the more extensive nature of the currently examined collections as well as relatively larger number of sampled beels while higher similarity between these studies is due to common occurrence of several cosmopolitan, pantropical and cosmotropical elements. On the other hand, a comparison of the present list from the floodplains of the Brahmaputra basin with the report of 89 species (Arora & Mehra, 2002) and subsequently 110 species (Arora & Mehra, 2003) based on monthly collections from the backwaters of the river Yamuna at Delhi indicates only 41.8 and 48.2% similarities respectively. These differences in rotifer composition are, however, attributed to the unique ecotone nature of the sampled beels rather than the basic wetland character of the river Yamuna backwaters and to the lesser diversity of macrophytes in the latter.
The rotifers depict a qualitative predominance in all floodplain lakes and thus concur with the previous findings of Sarma (2000), Sharma (2000a, b) , Sharma & Sharma (2001) and Khan (2002) . The richness (67-103 species) in different lakes (Table 3) is significantly higher than 54-65 species (Sharma & Sharma, 2001 ) recorded from beels of upper and lower Assam. On the other hand, a comparison with the other Indian literature is handicapped due to an inadequate sampling, and insufficient analysis of the rotifer communities due to general lack of taxonomic expertise and ignoring of smaller taxa. These salient lacunae are clearly endorsed by incomplete inventories reporting merely 29 species from four beels (Goswami, 1997 ), 48 species from 33 beels (Sarma, 2000), 54 species from five beels (Sharma, 2000b) and 9 species from one beel (Goswami & Goswami, 2001 ) of Assam state. Besides, this disparity is again affirmed by the reports of only 11 species from two floodplain lakes of Kashmir (Khan, 1987) , as well as 37 species from two Ox-bow lakes (Khan, 2002) and 38 species from 9 floodplain lakes (Khan, 2003) of South-eastern West Bengal while the lists by Sanjer & Sharma (1995) and Baruah & Das (2001) are incomplete to ascertain correct extent of the examined taxa.
Lecanidae (46 species) > Brachionidae (25 species) > Lepadellidae (22 species) > Trichocercidae (13 species) comprise a dominant fraction (64.5%) of overall diversity and that of the communities of individual beels (63.1-72.8, 67.0 ± 2.8%). The occurrence of a number of taxa of these families concurs with the reports from floodplains of South America (Jose de Paggi, 1993 Paggi, , 2001 Bonecker et al., 1994 Bonecker et al., , 1998 Lansac-Toha et al., 1997; Rossa, 1997; Serafim, 1997; Segers et al., 1998) , Africa , Thailand (Sanoamuang, 1998) and India (Sharma & Sharma, 2001 ). In addition, this generalization agrees with general composition of the Indian Rotifera (Sharma, 1998) and the rotifer fauna of the Oriental region. Besides, Notommatidae > Euchlanidae=Filiniidae=Testudinellidae, together, form a valuable component in the beels of the lower Assam.
The present observations register a predominance of cosmopolitan species (59.7%). Pantropical (25 species) > cosmotropical (20 species) elements, together, constitute an important component (27.4%). Lecane and Brachionus, two 'tropic-centered' genera, exhibit significance. In fact, Lecane spp. alone comprise 28.0% of total richness and that of the faunas of individual beels (23.9-32.4, 29.2 ± 1.8%). The lecanid dominance compares well with floodplain rotifer communities studied by Segers et al. (1993 Segers et al. ( , 1998 , Sanoamuang (1998) , Jose de Paggi (2001) and Sharma & Sharma (2001) . The stated features impart a general tropical character to the examined taxocoenosis and also concur with the composition of tropical rotifer faunas from different parts of the globe (Green, 1972; Pejler, 1977; Fernando, 1980; Dussart et al., 1984; Segers, 1996; Sharma, 1998 ). This conclusion is also supported by the occurrence of fewer species of 'temperate-centered' Keratella (7 species) and Synchaeta (1 species). The lack of any member of Notholca in these floodplains is interesting though species of this temperate genus are reported to drift with the Himalayan rivers to lower latitudes of N.W. India (Arora & Mehra, 2003) . In addition, 23 species (14%) are observed in all the beels while an equal number of species (14%) exhibit rare occurrence.
The examined collections reveal an important fraction (13.4%) of biogeographically interesting elements. Notable among these are six Oriental species namely Keratella edmondsoni, Colurella sanoamuangae, Lecane acanthinula, L. blachei, L. solfatara and L. superaculeata. Of these, C. sanoamuangae and L. superaculeata are described from Thailand by Chittapun et al. (1999) and Sanoamuang & Segers (1997) , respectively and L. solfatara has been described from Sumatra (Hauer, 1938) . The lecanid L. superaculeata is reported recently from N.E. India (Sharma, 2004) , the distributional ranges of C. sanoamuangae and L. solfatara are presently extended to the Indian subcontinent, while comments on the distribution of other Oriental elements are made earlier by Sharma & Sharma (2001) . Two Australasian elements i.e., Brachionus dichotomus reductus and Lecane batillifer have also been recorded earlier from N.E. region (Sharma & Sharma, loc cit) . Besides, this study indicates seven paleotropical species, namely Keratella javana, Lepadella discoidea, Lecane braumi, L. lateralis, L. unguitata, Testudinella greeni and T. brevicaudata; all these except L. discoidea were examined earlier (Sharma & Sharma, loc cit) . The report of the erstwhile Afrotropical Dipleuchlanis ornata, described from the floodplain of the river Niger (Segers, 1993) , deserves special attention. A few specimens of this euchlanid collected earlier (Sharma, unpublished) from Tripura could not be described due to insufficient material. This species has been reported earlier from Papua New Guinea by Segers & De Meester (1994) who believed it to occur in the tropical and subtropical regions of the Old World. As of now, the present study, however, represents its second report from the Oriental region. Interestingly, the analyzed rotifer communities are characterized by the occurrence of a high number of small taxa although species up to the size class of about 600 lm are also frequently noticed. The former feature may be assigned to conditions of low concentrations of food, and predation by fish and invertebrates as suggested by Papinski (1990) and Baumgartner et al. (1997) respectively. However, the detailed observations are required to confirm these findings. The predominance of periphytic or littoral elements (76.2%) and fewer planktonic rotifers noticed presently may be attributed to the lack of definite pelagic habitats (De Manuel, 1994) in floodplain lakes, their shallow nature and the growth of aquatic macrophytes. Further, this study demonstrates a frequent occurrence of non-planktonic taxa in open waters of many beels. The establishment of both planktonic and non-planktonic taxa in beels with marginal vegetation suggests the occupation of different niches (Bonecker et al., 1998) .
The present study indicates an acidophilic nature of Colurella sanoamuangae, Lecane glypta and, Monommata maculata which, in turn, concurs with the remarks of Chittapun et al. (1999) , Koste & Shiel (1990) and Koste & Shiel (1991) respectively. In addition, several other examined acidophilous elements namely Plationus patulus f. macracanthus, Dipleuchlanis propatula, Euchlanis triquetra, Mytilina bisulcata, Colurella sulcata, Lepadella acuminata, L. cristata, Lecane pertica, Monommata longiseta, Testudinella emarginula, T. parva and T. tridentata are in broad conformity with the earlier results of Sharma & Sharma (2001) . Among about 22 species of the genus Brachionus known to occur in the Indian waters (Sharma, 1998) , only 13 species are included in this account. The relative paucity of these species in general is assigned to the acidic nature of a number of beels. However, the present report of 13 Brachionus spp., as against an earlier report of only eight species (Sharma & Sharma, loc cit) , is attributed to the fact that nine beels sampled presently exhibit an alkaline nature.
The rotifer richness shows significant variations in different seasons (F 3.59 ¼ 12.827, p < 0.001) and in different beels (F 14.59 ¼ 5.863, p < 0.001). The number of species varies between 30 and 68 in individual beels (Table 3 ) in different seasons, shows indefinite seasonal periodicity and depicts nearly identical mean values between autumn (43.3 ± 7.4) and monsoon (43.2 ± 7.5) and again between winter (51.5 ± 9.3) and summer (51.9 ± 9.4). The maximum richness is noted during summer and winter in eight and five beels, respectively. Canonical analysis registers a significant inverse relationship between richness and pH (r ¼ )0.542), thereby suggesting a higher rotifer diversity in acidic waters than in alkaline conditions. The rotifer communities of different beels register 54.4-86.5% similarity (vide Sorensen index). The peak similarity is observed between Deepor and Dighali while lowest similarity is observed between Rowmari and Kujibalipatty. Only 12.4 and 8.6% instances (Table 4) indicate a similarity <60 and >80% respectively while in majority of instances (79%), the similarity varies between 60 and 70%. Further, Thekera beel records the lowest similarity range (55.2-67.6%). In general, the rotifer similarity noted presently is higher than 42.9-80.4% (Sharma & Sharma, 2001 ) and 37.3-68.8% (Sharma, 2000b) reported earlier from the beels of the upper Assam.
This study depicts significant differences (Table 5 ) of rotifer densities (68-329 n/l) between beels (F 14.59 ¼ 10.601, p < 0.001) and between seasons (F 3.59 ¼ 2.345, p < 0.08). Bhoispuri (74-132 n/l), Barundanga (81-102 n/l), Mori (79-123 n/l) and Kujibalipatty (73-121 n/l) record a lower abundance while, Sagmara (191-318 n/l) and Kamakhya (210-329 n/l) beels indicate a relatively higher abundance. In general, the recorded ranges concur with the earlier report of Sharma (2000b rotifer abundance in warmer months with the peak density during summer in five beels and during monsoon in two beels. This trend is supported by a significant correlation with water temperature (r ¼ 0.589). In addition, the rotifer density shows significant direct relationships with specific conductivity (r ¼ 0.449), dissolved oxygen (r ¼ 0.584) and alkalinity (r ¼ 0.420). The mean rotifer diversity (Table 6 ) ranges between 2.036 and 2.642 and thus concurs with the earlier reports of Sharma (2000a) and Sharma & Lyngskor (2003) . The diversity is significantly influenced by density (r ¼ 0.697) but registers insignificant variations between the sampled lakes (F 14.59 ¼ 1.666) and during different seasons (F 3.59 ¼ 1.002). The later aspect is supported by indefinite seasonal periodicity with the peak diversity during winter and summer in six and five floodplain lakes, respectively. The rotifers are characterized by a low dominance (mean: 0.109-0.216) that signifies a quantitative influence of fewer species. The dominance shows insignificant variations between lakes (F 14.59 ¼ 0.879) and seasons (F 3.59 ¼ 0.176). This study reflects a higher evenness (mean: 0.840-0.925) with significant variations only between lakes (F 14.59 ¼ 4.807, p < 0.001) and affirms an equitable abundance of a majority of species. The dominance exhibits insignificant direct and inverse correlations with diversity and evenness, respectively. Canonical analysis records notable cumulative influence of six abiotic factors (water temperature, conductivity, pH, dissolved oxygen, alkalinity, hardness) on abundance (r ¼ 0.798), richness (r ¼ 0.579) and diversity (r ¼ 0.723). On the other hand, the first three factors alone show important influence on abundance (r ¼ 0.685), richness (0.553) and diversity (r ¼ 0.717).
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